Background: We compared demographic and clinical characteristics of early-onset sepsis (EOS) and community-acquired late onset sepsis (CA-LOS) in infants. Methods: Our medical center is the sole hospital in southern-Israel, enabling incidence calculations. EOS (<7 days) and CA-LOS (7-90 days) episodes recorded between 2007 and 2013 were reviewed. Univariate and multivariate analyses were performed. Results: 70 EOS and 114 CA-LOS episodes were recorded. The respective mean ± SD annual rates per 1,000 live-births were 0.66 ± 0.16 and 1.03 ± 0.23. Prematurity (42.9 % vs. 17.0 %), premature rupture of membranes (PROM; 22.9 % vs. 1.9 %), leukopenia (29.0 % vs. 11.6 %), thrombocytopenia (44.9 % vs. 14.3 %) and Streptococcus agalactiae infections (22.7 % vs. 8.1 %) were more common in EOS. Fever (25.4 % vs. 79.1 %) and Streptococcus pneumoniae infections (1.3 % vs. 12.9 %) were less common in EOS. In both groups, Gram-negative bacteria predominated (~60 %). Longer hospitalization duration (23.3 ± 25.1 vs. 10.3 ± 8.6 days) and higher case fatality rate (20.0 % vs. 5.3 %) were noted in EOS. Antibiotic resistance rates to empiric EOS and CA-LOS treatments were 0.0 % and 1.2 %, respectively. In multivariate analysis, adjusting for prematurity and ethnicity, PROM, central line, low Apgar-score, low birth-weight, ventilation support and non-vaginal delivery were risk factors for EOS. Normal temperature, thrombocytopenia and leukopenia characterized EOS.
Background
Sepsis is an important cause of morbidity and mortality among newborn infants [1, 2] . The overall incidence of neonatal sepsis ranges from one to 5 cases per 1,000 live births, and case fatality rates (CFRs) range from 2 % to 60 %. Both rates depend on multiple factors, such as pathogen distribution, gestational age, Streptococcus agalactiae (group B Streptococcus, GBS) carriage rates and prevalence of other common specific pathogens [1, 3, 4] . Sepsis in infants is often classified as being of early onset (EOS, 0-6 days) or late onset (LOS, 7-90 days) [5] [6] [7] [8] . EOS is further divided into very early onset (V-EOS, 0-2 days) and other EOS (3-6 days), while LOS is sometimes further divided to age groups of 7-30 days and 31-90 days [5] . Another acceptable classification differentiates between hospital-acquired and communityacquired sepsis [5, [9] [10] [11] .
Neonatal sepsis is initially treated by empiric antimicrobial therapy which is influenced by factors that include, among others, the likely etiologic agent and its known susceptibility patterns, community or hospital acquired infection and central nervous system (CNS) involvement [5] . EOS is more likely to be derived from vertical acquisition of microorganisms from the mother during labor [6] , while LOS is more likely to be derived from horizontal transmission of pathogens from the infant's caregivers. Consequently, pathogens distribution and risk factors for EOS and LOS differ in many aspects [5, 6] . Moreover, risk factors for LOS are mainly defined for hospital-acquired cases [12] . However, data regarding risk factors and clinical manifestations of communityacquired LOS (CA-LOS) are scarce [9, 11, 13, 14] . Nevertheless, the empiric therapy used by most clinicians for the treatment of EOS and CA-LOS consists of penicillins in combination with aminoglycosides [6, 7] .
In a previous study, conducted 20 years ago at the Soroka University Medical Center (SUMC), high gramnegative and very low GBS rates in both EOS and LOS were demonstrated [9] . The SUMC is the only hospital providing medical care in southern Israel, and therefore >95 % of deliveries (14,682 and 16,963 births/year in 2007 and 2013, respectively) and pediatric hospitalizations in the region take place at this institution, enabling incidence calculations.
We hypothesized that in the last twenty years, the epidemiology of neonatal sepsis in southern Israel has significantly changed.
The aim of this study was to compare risk factors, demographic and clinical characteristics of EOS and CA-LOS in southern Israel.
Methods

Study population and design
This was a retrospective, population-based study.
Data were derived from an ongoing prospective surveillance database, monitoring all positive blood or cerebrospinal fluid (CSF) samples from less than 90 day old infants. The database is managed by The Pediatric Infectious Disease Unit of the SUMC. Episodes of sepsis in infants identified between 2007 and 2013 were included.
The southern region of Israel (the Negev) has a heterogeneous population, consisting of~80 % Jews (representing only~50 % of all births), who live mainly in urban centers and a few rural communities, and 20 % Bedouin Arabs (~50 % of all births), who are in various stages of transition from semi-nomadism to settled modern day life. The two groups are different in many aspects, with the Bedouin population characterized as being of a lower socio-economic status, with higher rate of consanguineous marriage and fertility rate and a lesser use of prenatal care. The SUMC is the only medical center of the region and provides full primary and tertiary neonatal care to both populations [9, 15] .
In southern Israel, >95 % of the children are born at the only medical center in the region. The proportion of children born at the SUMC in each ethnic group during the study period per year is approximately equal: 7507 Jewish children and 7174 Bedouin children, in 2013 [16] .
Case definitions Sepsis
A positive blood or CSF culture with a recognized blood pathogen associated with appropriate clinical findings as judged by a senior neonatologist or a pediatric infectious disease specialist. Two successive positive blood cultures with the same antibiotic susceptibility pattern (in addition to appropriate clinical findings) were required for the diagnosis of coagulase negative Staphylococcus (CONS) infection.
EOS
An episode occurring in a newborn < 7 days old, resident of the region, with ≥1 positive blood or CSF cultures.
EOS was divided into very early onset (V-EOS, <3 days) and other EOS (3-6 days), we compared the risk factors, demographic, clinical and laboratory characteristics, distribution of pathogens and antibiotic susceptibility patterns of the two subgroups.
CA-LOS
An episode occurring in a non-hospitalized infant between the age of 7 and 90 days, resident of the region, with ≥1 positive blood or CSF cultures with a recognized blood pathogen. A new CA-LOS episodes had to be separated by >48 h from prior hospitalization discharge.
Meningitis
An episode with either positive bacterial CSF culture or positive blood culture with CSF pleocytosis (defined as >20 and >10 leukocytes/μl in infants <28 days and 28-90 days old, respectively).
Urosepsis
An episode with positive urine and blood culture for the same pathogens.
We defined risk factors for sepsis in accordance with those previously described [5] . The following risk factors were considered in our study: prematurity (<37 weeks); low birth weight (<2,000 g);premature rupture of membranes >16 h (PROM); low 5-min Apgar score (<8) and chorio-amnionitis (as defined by the treating physician).
Data collection
Medical charts were reviewed retrospectively and the following clinical and laboratory data were extracted: age, gestational age, birth weight, sex, ethnicity (Jewish or Bedouin), maternal age, PROM, chorio-amnionitis, mode of delivery (vaginal, or instrumental delivery including cesarean section and vacuum), Apgar scores, temperature (highest and lowest recorded in the first day of each episode), blood count, cultures results, antibiotic susceptibilities, duration of hospitalization and mortality.
Identification of isolates
Blood and CSF cultures were performed at the SUMC clinical microbiology laboratory. All blood cultures were processed using the Bactec 9240 system (Becton Dickinson, Franklin Lakes, NJ) and antibiotic susceptibility was determined using standard procedures [17] .
For each episode, only one positive culture was accounted for. If identical bacteria were isolated simultaneously from blood and CSF the episode was defined as meningitis.
Statistical analysis
Incidence was calculated as the number of episodes divided by the total population at risk during each study year. The age-specific and ethnicity-specific populations at risk were estimated according to the Israeli Central Bureau of Statistics reports [16] . Annual incidence rates were calculated as numbers of sepsis episodes per 1,000 live births.
Analysis of contingency data was conducted by the 2-tailed X 2 test. Continuous variables were compared using the Student's t test. P value of <0.05 was considered statistically significant.
Logistic regression models were used to evaluate potential risk factors, covariate and confounders. Variables implicated in the literature [5] : prematurity (<37 weeks); low birth weight (<2,000 g); premature rupture of membranes >16 h (PROM); low 5-min Apgar score (<8) and chorio-amnionitis and those that were statistically significant at the level of P < 0.1 in the univariate analyses were included in multivariate logistic regression models.
The study was approved by the Institutional Ethics Committees of the Soroka University Medical Center (SUMC).
Results
During the study period, 558 positive blood and CSF cultures were identified. Of those, 141 (25.3 %) were from infants <7 days old (EOS) and 417 (74.7 %) from infants 7-90 days old (LOS). After exclusion of hospital-acquired episodes (LOS cultures obtained >48 h post-admission), duplications and cultures considered non-clinically significant, 70 EOS episodes and 114 CA-LOS episodes were included in the final analysis (Fig. 1) . Of the 70 EOS episodes, 41 (58.6 %) occurred in the first 72 h (V-EOS), and 29 (41.4 %) more than 72 h after birth. Of the latter, 6 (20.7 %) occurred after hospital discharge from the newborn department. Of the 114 CA-LOS episodes, 45 (39.5 %), 39 (34.2 %) and 30 
Incidence of EOS and CA-LOS (Fig. 2)
Mean (±SD) annual rates per 1,000 live births of EOS and CA-LOS were 0.66 ± 0.16 and 1.03 ± 0.23, respectively. The respective rates of V-EOS and pneumococcal sepsis were 0.26 ± 0.13 and 0.17 ± 0.13. The rates of EOS and CA-LOS caused by GBS were 0.17 ± 0.08 and 0.09 ± 0.04, respectively.
Non-significant declines in V-EOS, EOS, CA-LOS, GBS and pneumococcal sepsis rates were observed (comparing rates in 2013 vs. 2007), with respective declines of 38 % (P = 0.38), 44 % (P = 0.20), 38 % (P = 0.13), 31 % (P = 0.55) and 83 % (P = 0.10) during the study period.
Demographic characteristics and risk factors for EOS vs. CA-LOS (Table 1) Mean EOS and CA-LOS rates were higher in the Bedouin population than in the Jewish population; 0.77 ± 0.35 vs. 0.50 ± 0.29 for EOS and 1.29 ± 0.59 vs. 0.79 ± 0.32 for CA-LOS (P < 0.01, both). In contrast, mean GBS neonatal sepsis rate did not differ significantly in the Bedouin and the Jewish populations (0.19 ± 0.19 vs. 0.33 ± 0.08, P = 0.30).
Non-vaginal deliveries, central line exposure, mechanical ventilation, prematurity, low birth weight, PROM, chorio-amnionitis and low Apgar score were all significantly more common in EOS compared with CA-LOS.
Clinical and laboratory characteristics (Table 2)
While septicemia was more common in EOS, urosepsis was more common in CA-LOS and meningitis did not differ significantly between the two. Temperature ≥38.0°(79.1 % vs. 25.4 %, P < 0.001) and hypothermia <36.0°(11.8 % vs. 4.8 %, P = 0.12) were more common in CA-LOS than in EOS.
Leukopenia <5,000/μl, neutropenia <1,000/μl and thrombocytopenia <150,000/μl were significantly more common in EOS, while leukocytosis > 20,000/μl was more common in CA-LOS (32.1 % vs. 20.3 %, P = 0.083).
Distribution of pathogens (Table 3)
Overall, 199 bacteria were isolated in 184 episodes (in 15 episodes; 5 EOS and 10 CA-LOS episodes, mixed infection with 2 bacteria were identified).
Gram-negative bacteria comprised 58.7 % and 62.9 % of all EOS and CA-LOS episodes, respectively (P = 0.552), with Escherichia coli being the most common bacteria identified in both; 34.7 % and 29.0 % (P = 0.406), respectively.
In central line infections, Escherichia coli comprised 47.6 % of EOS compared with 13.3 % of CA-LOS (p = 0.03).
Among Gram-positive bacteria, GBS episodes were more common in EOS compared with CA-LOS (22.7 % vs. 8.1 %, P = 0.004). Streptococcus pneumoniae episodes were more common in CA-LOS (12.9 % vs.1.3 %, P = 0.005). The distribution of other bacteria was not significantly different in both groups.
Antibiotic resistance (Additional file 1, Additional file 2)
In both groups, high proportions of Gram-negative bacteria were resistant to penicillins; 82.9 % in EOS and 67.6 % in CA-LOS to ampicillin and 35 % to piperacillin. None of the Gram positive EOS bacteria were resistant to penicillins, while 18.8 % of S. pneumoniae CA-LOS episodes were resistant to penicillin. Other Gram-positive CA-LOS episodes were all sensitive to penicillin.
In 100.0 % (104/104) of EOS and CA-LOS episodes, when tested, isolates were sensitive to amikacin, while 98.5 % (133/135) were sensitive to gentamicin. In 98.7 % (153/155) of all episodes, isolates were sensitive to3 rd generation cephalosporins.
Episodes with extended spectrum beta lactamase (ESBL) Gram negative bacteria were identified in 0.0 % and 1.3 % (P = 1.0) of EOS and CA-LOS, respectively.
While no isolated bacteria were found to be resistant to the empirical antibiotic treatment of piperacillin and amikacin for EOS, resistance rate to empirical CA-LOS antibiotic treatment of ampicillin and gentamicin was detected in 1.2 % (1/90) E. coli episodes). In 4 Haemophilus influenzae CA-LOS episodes, resistance to ampicillin was recorded, but susceptibility to gentamicin was not evaluated.
Outcome
Mean hospitalization duration was longer (23.3 ± 25.1 vs.10.3 ± 8.6 days, P < 0.001) and case-fatality rate was higher in the EOS group (20 % vs.5.3 %, P = 0.002). Of the 14 EOS deaths, 11 episodes (78.8 %) were preterm infants (7 cases were extreme preterm infants, born <28 gestational age). In 6 episodes (42.9 %) PROM was recorded. The predominant pathogens were E. coli (8 episodes) and GBS (4 episodes).
In the 7 CA-LOS mortality cases, the predominant pathogens were Staphylococcus aureus and S. pneumoniae (2 episodes each). 
V-EOS (<3 days) vs. EOS during 3-6 days of age
Of the 70 EOS episodes, 41(58.6 %) were V-EOS episodes and 29 (41.4 %) occurred in neonates >72 h of age. No significant differences were found in most risk factors, demographic and clinical characteristics of the two groups, including prematurity, mean Apgar score and chorioamnionitis rates; sex and ethnicity; temperature and leukocytes count; distribution of pathogens (excluding GBS) and antibiotic susceptibility pattern; and case fatality rates. However, several differences between the two groups were observed: PROM (36.6 % vs. 3.4 %, P = 0.001) and GBS infections (36.4 % vs. 3.2 %, P = 0.001) were more common in V-EOS. In contrast, urosepsis (0.0 % vs.24.1 %, P = 0.001) and thrombocytopenia (22.5 % vs. 75.9 %, P < 0.001) were less common in V-EOS.
Multivariate analysis
In a multivariate analysis adjusting for ethnicity and prematurity, the significant risk factors for EOS were PROM (OR:11.7), central-line (OR:10.9), 5 min Apgar score <8 (OR:9.9), low birth weight (OR:5.9), ventilation support (OR:5.6) and non-vaginal delivery (OR: 2.22). A trend for higher CFR in EOS was observed (OR: 2.8, P = 0.061) ( Table 4) .
The following clinical characteristics were more common in EOS: normal temperature (absence of hypothermia or fever) (OR: 22.22), non-urosepsis clinical diagnosis (i.e. sepsis or meningitis, OR: 3.98), thrombocytopenia <150,000 cells/μl (OR: 4.43) and leukopenia <5000 cells/μl (OR: 2.73). In contrast, leukocytosis >20,000 cells/μl was less common in the EOS group (OR: 2.22).
Discussion
In southern Israel, both EOS and CA-LOS rates were low in Jewish compared with Bedouin infants. EOS was characterized by higher rates of perinatal risk factors, S. agalactiae infections, normal temperature, thrombocytopenia, leukopenia and mortality. In contrast, fever and S. pneumoniae infections were more common in CA-LOS.
The finding of higher sepsis rates in the Bedouin population compared with the Jewish population is similar to a previous report from our medical center, 20 years ago [9] . In EOS, this was not related to the rate of GBS, but rather to the rate of other pathogens, mainly Gram-negative bacteria (E. coli and Klebsiella data not shown). This trend may be related to higher rates of prematurity, congenital malformations and lack of prenatal care in the Bedouin population [15] similarly to other developing populations [18] [19] [20] [21] [22] .
Prematurity, PROM, low birth weight, chorio-amnionitis and low Apgar score were all more common in EOS vs. CA-LOS, similarly to previous reports [6, 23] . This is probably due to differences in pathogenesis, where in EOS episodes, bacteria are more likely to be acquired through the birth canal, while in CA-LOS the mode of infection is more likely to be by direct respiratory (droplets) and gastrointestinal contact of people surrounding the infant [6, 11, 13, 14] .
Both temperature and complete blood cells counts (CBC) parameters differences between the two groups point to different capability of the host (the sick infant) to overcome infection. It is possible that neonates in the 1 st week of life are less capable of producing sufficient inflammatory response, reflected in the absence of temperature changes [24] [25] [26] and the absence of leukocytosis [27] , possibly due to immature immune system [28] [29] [30] [31] [32] . This highlights the need for high degree of clinical suspicion for EOS even in the absence of temperature or CBC parameters changes. This is emphasized by the higher degree of disease severity (or incapability of the host to overcome the infection), evident by the significantly longer hospitalization duration and the higher mortality rates in the EOS group.
The mortality rates of neonatal sepsis ranged in different studies from 5 % to 60 %, depending upon the infecting agent, prematurity rates and co-morbidities [5, 23, 33] .
The pathogen distribution observed in our study probably reflects differences in pathogenesis. In EOS infections, GBS and Gram-negative enteric bacteria predominated, while in CA-LOS, the rate of pneumococcal infections increased. Nevertheless, pathogens possibly acquired through the birth canal (e.g. GBS), are still present in CA-LOS. Several differences in pathogen distribution [36] . These low rates are comparable to previous reports from Israel [2, 37, 38] . Second, pneumococcal infections were common in the CA-LOS group in our study until recent years. However, pneumococcal rates declined in southern Israel since the year 2012, probably due to the introduction of pneumococcal conjugate vaccines and herd protection. Nevertheless, additional prospective studies should be conducted to confirm this observation. Third, Listeria infections were rare (only 2 EOS episodes throughout the study), although high maternal colonization rates in Israel have been previously reported [39] . These differences in pathogen distribution may be related to relatively low maternal GBS colonization rates [2] , low virulence of specific bacterial clones (e.g. GBS, Listeria) and other unidentified environmental and epidemiological factors.
In contrast to other reports [5, 40] , we did not find any CONS or fungi episodes in our study. This is presumably attributed to the exclusion of all hospitalacquired episodes in the current study and emphasizes the concept that these pathogens are related to nosocomial infections.
The current empiric treatment at the SUMC differs in the Neonatal Intensive Care Unit (NICU) from that administered in other settings (i.e. pediatrics wards). All isolates in both groups were sensitive to the combination of piperacillin and amikacin, which is the empiric treatment in our NICU. Furthermore, resistance rate to empirical antibiotic treatment outside the NICU setting in CA-LOS episodes (ampicillin and gentamicin) was relatively low. In addition, ESBL positive Gramnegative infections rates are low in our center. These findings confirm that the current empirical treatment is appropriate. However, it is important to notice that in CA-LOS, considerable penicillin resistance in H. influenzae and pneumococcal infections was noted.
The main limitation of our study lies in its retrospective nature. Consequently, some data regarding risk factors are missing (maternal GBS carriage, etc.) and we recognize the possibility of interpreting clinical significance bias.
The study main points of strengths include its unique ability to calculate the true incidence of infantile sepsis in our area, as well as its ability to compare this incidence between the Jewish and Bedouin populations. Additionally, the study relatively long duration (7 years) allows appreciation of specific pathogens rates fluctuations (e.g. GBS).
